Abstract-A large square array of thin dipoles has a well-behaved scan resistance over a wide bandwidth. Such an array requires reactance matching with frequency, but not with scan angles. The scan element pattern (SEP) shows only small changes over a 5 : 1 bandwidth. However, a dipole/screen array is suitable for wide-band scan only in the H -plane.
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I. INTRODUCTION
Recent emphasis, both military and civilian, on consolidating antenna functions prompts re-examination of planar dipole arrays over a wide band. For example coverage of ground and satellite cellular (PCS) requires roughly an octave. Little data are available on wideband array performance; Patton (in a Ph.D. thesis) considered closely spaced arrays and this was applied to solid-state power combining [1] . Other work has evaluated wide-band performance of arrays of printed TEM horns [2] , [3] .
Because dipoles are representative of most low-gain elements, the fundamental behavior of wide-band arrays can be explicated by examining such arrays.
The scan performance of an array is expressed in three basic parameters. First is the broadside directivity, which is essentially 4A=
2 . This, of course, is diminished by any mismatch loss. Second is the scan impedance, which expresses how the impedance of an element in the array changes with scan angles. This tells the system engineer how difficult the matching problem will be and what kind of mismatch losses can be expected. Third is the scan element pattern (SEP-formerly active-element pattern), which shows how the array gain changes with scan angles. SEP includes mismatch losses and is conveniently normalized to 0 db at broadside.
II. SCAN PERFORMANCE
An advantage of arrays of thin dipoles is that current distributions are closely sinusoidal and that all salient array characteristics can be found using this approximation. Thus, moment methods are not necessary until a specific design is to be optimized.
The spectral domain approach pioneered by Oliner and Stark in the early 1960's offers a simple modality for calculation of scan impedance and SEP [4] , [5] . Scan resistance is given by a single term for each main beam and grating lobe, while scan reactance is given by a rapidly converging spectral series. From these and the isolated dipole element pattern, the SEP is found as where Z = R + jX is the scan impedance and R 0 is the generator impedance. If the array is large, these infinite array parameters are appropriate.
Consider a large square array of thin half-wave dipoles on a half-wave by half-wave lattice. As the frequency is reduced, the for dipole arrays and for scan up to 50 for arrays with screen. To evaluate performance at a lower frequency, dipole length and spacing were set at 0:1, representing a 5 : 1 bandwidth. Figs. 1 and 2 show scan resistance and reactance; remarks are in order on both graphs. It may be noticed that the scan resistance curves are quite similar to those given in the reference for half-wave spacing and length. This result, initially surprising, occurs because the single spectral term for resistance has dipole length squared in the numerator and lattice dx1dy in the denominator. Thus, the broadside resistance is approximately frequency independent! Scan reactance also deserves comment. Of course, short dipoles have high reactance, but the important result is how little the reactance changes over a modest scan volume. The implication is significant: reactance matching need vary only with frequency, not with scan angle or plane. SEP, shown in Fig. 3 , displays little change with scan plane and is comparable to that for half-wave spacing. The addition of a ground plane produces rapidly decreasing scan resistance and SEP for E-plane scan as expected due to the opposing dipole images. Fig. 4 shows scan resistance, while SEP is in Fig. 5 . Dipole/screen arrays appear to be limited to wide-band scan in the H-plane.
The infinite array results used here are useful, as it has been shown that finite array behavior is that of an infinite array, with oscillations overlaid [6] .
III. ARRAYING EFFECT ON BANDWIDTH
It has been observed by others [2] , [3] that arraying elements allow a lower lowest frequency of operation, thus increasing array bandwidth over that of a single element. This occurs also for the dipole array as has been shown. The arraying effect is primarily on embedded resistance or on scan resistance. For the dipole array the resistance at broadside for the 0:1 case is 76 , contrasted with 2 for an isolated 0:1 dipole. Resistance is increased by roughly a factor of 35! For the dipole with screen case, again, length and spacing of 0:1, the array resistance at broadside is 15 , while an isolated element has 15 milliohms. For this case, the resistance is increased by a factor of roughly 1000. These resistance increases correspond to bandwidth increases. Note, however, that the scan capabilities of the dipole/screen array are limited at the lower frequencies.
IV. CONCLUSION
Exact spectral-domain calculations for infinite planar arrays of thin dipoles have shown that large bandwidths (5 : 1 or more) can be utilized with good performance. Reactance matching with frequency is needed, but not with scan angle or scan plane. Dipole/screen arrays are only suitable for H-plane wide band and modest scan use.
Dipoles in an array exhibit much wider impedance bandwidth than does an isolated dipole. This bandwidth broadening is more pronounced for dipole/screen arrays, but the scan range is limited.
